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Abstract 

This paper provides reflections after co-teaching the lesson: Using Moon Phases to Measure 
Time to a group of 6th grade learners. The co-authors are a 6th grade math teacher and a university 
math educator, both from the United States. As a result of reflecting on this lesson, both authors 
enhanced their knowledge of the relationship between mathematics and culture. The 6th grade 
teacher described a new awareness of the impact of culture in a realistically-situated mathematics 
problem whereas the university professor developed knowledge about the multi-disciplinary 
nature of ethnomathematics. Collaborative follow-up reflection revealed pedagogical insights, 
such as the need to explicitly encourage students to reframe discussion outside of conventional 
and comfortable viewpoints and of the importance of solidifying cross-curricular topics. In the 
following sections, the authors described individual responses about the teaching episode. 
Concentration is given to instruction, curriculum, addressing standards and resistance to 
unfamiliar content. 
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Lesson Summary 

As Tracie’s students gathered, we were both excited to share what we know about how the Hopi 

Celestial Body Watchers used lunar cycles as a critical component of their calendar of festivals, 

which accompany agricultural and other societal needs (Sharp, 2015). We greeted the students 

and set up the first lesson, which was a science lesson about lunar cycles and the various moon 

phases. This information seemed familiar enough to the students, who had completed similar 

lessons in their elementary grades. From there, we smoothly transitioned to the mathematics 

lesson about the important conceptual elements of measurement (standard unit, continuity, 
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infinite divisibility, tiling, same-size and zero-indicator). After that lesson, we were satisfied our 

students were ready to move to an explanation of the importance of the various moons to the 

Hopi. This history lesson seemed to go very well and the students seemed eager to learn about 

the moon names and to match moons to corresponding months. Their willingness to match 

moons to months should have alerted us to what would become an issue, but for the time being, 

it slipped our immediate notice. After that lesson concluded, we moved to the literature portion 

of the lesson, where students read “Broken Pattern” (Carlson, & Qoyawayma, 1985) a Hopi story 

which included many passages about measuring time with seasons, moons, or other natural 

phenomena. Finally, we presented students with the Hopi’s problem of how to incorporate the 

lunar cycle into measurement of an Earth year.  

Opening comments 

6th Grade Teacher: 

In order to find time to incorporate this lesson, it was important to make connections to other 

curricular areas, as well as to mathematical problem solving. For me, this lesson was a 

remarkable experience because I changed my thought patterns to incorporate a more rounded 

understanding of what it means to teach mathematics, in general, and measurement, in particular. 

Prior to this experience, I admittedly posed measuring problems that were slightly isolated from 

other content. After this experience, I see how a mathematics problem can (and should) permeate 

all of the curricular areas of the classroom. Moreover, I became more aware of deficiencies in the 

curricular materials adopted by her district, which paled in comparison to this experience.  

“Equally frustrating to me, is the fact that not only have I not been prepared to teach 
using cultural problems, I am upset that the students apparently had no previous 

opportunities to experience this kind of lesson.” 
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University Professor: 

In order to transform the previously-written work, which described the Hopi calendar and their 

successful use of the lunar cycle to help them measure time, the essential elements of the original 

work had to be revisited, with an eye toward implementation in a 6th grade classroom. First, I 

looked for the important content that would also appeal to 11-year olds. Then, restructured those 

facts into a format that would be useful for a 6th grade classroom. This effort required building 

and selecting content around scientific, literary, cultural, historical, and mathematical ideas. This 

process helped me develop a deeper appreciation for the connections between ethnomathematics 

and what might be considered ethno-science and ethno-literature. It also ignited my passion to 

continue to develop not only informative written work for fellow scholars and classroom 

teachers, but also to learn to present the information within the confines of classroom walls.  

“The frustrating aspect of the lesson for me was despite a seeming awareness of the 
mathematics to be learned, I was not at all sure that the students fully grasped the 
strategies used by the Hopi for measuring an Earth year with a lunar cycle.” 

 
Substantive Changes/Validations of beliefs: 

 
Tracie (6th grade teacher): 

The topic of learning about alternative methods to measure time was interesting to me and the 

planned approach was a unique departure from my normal teaching.  I often use discussion 

lessons and I often integrate content, but somehow this lesson felt different. The thought of 

encouraging students to discuss, explore, and discover how the moon can be used, and has been 

used, to measure time by the Hopi, was exhilarating. I believe part of my anticipation rested on 

the fact that much of the information was new to me, as well. So, I was excited to share it with 

my students. 
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Partway through the lesson where we connected the moon phases to Hopi societal events and 

festivals, I noticed a few students looking apprehensive. Because of the manner with which Hopi 

astronomers demonstrated mathematical understandings, by effectively marking the passage of 

time with lunar cycles, many students’ reactions bordered on skeptical or suspicious. A lunar 

cycle is 29.5 days and an Earth year is 365.25 days. Since there are not a whole number of lunar 

cycles in an Earth year, students appeared unsure about how to understand the Hopi’s use of the 

lunar cycles to measure time.  Watching students tilt their heads and look at one another through 

squinted eyes was disturbing to me as their teacher.   

         Why were students’ reactions so unlike mine – so unlike what I expected (hoped) for them?   

Upon reflection, it became clear that the lesson encouraged a different or novel way of 

measuring time when compared with my students’ experiences.  The Hopi’s method of 

measuring time was distinct and circular and incongruous with what students knew to be true or 

accepted as true, concerning how time is traditionally measured and conceptualized as linear.  

Their reaction was rooted around the term . . . ‘traditionally’.                               

Instruction 

In the United States, it has long been established that the majority of math concepts are taught 

and modeled in a traditional manner and using supposedly culture-free contexts. This is what 

students have grown accustomed to and in-turn expect. So, when a ‘non-traditional’ method of 

time measurement (linked directly to an unfamiliar frame of reference) was discussed during the 

lesson, students’ reaction seemed uncertain, which affected how I continued with and thought 

about the lesson at hand.  Instead of expanding on how the Hopi scientifically used the moon to 

measure time/seasons, I focused on encouraging the students to accept and embrace the fact that 

the lunar cycle can actually measure time.  During the lesson, I concentrated on why the students 
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reacted in this initial manner and what role my instruction had played or could play in addressing 

their reactions.    

Since all culturally identifiable groups have jargons, codes, symbols, myths, and even specific 

ways of reasoning and inferring (D’Ambrosio 1997), I needed to work harder to deepen my 

students’ thought processes to open them to alternative or flexible methods of reasoning and 

problem solving. Teaching and modeling this sort of problem solving is quite powerful.  As a 

result of this lesson, I began to clearly see that, as teachers, we lean-on and utilize methods of 

measurement that are comfortable, common place, linear, and expected, just as our students do. 

Students often are constrained by their perceptions of mathematics and school.  As the students’ 

teacher, it became evident that I had fallen into the trap of teaching math in a traditional manner 

and had most often used only familiar contexts.    

Curricular issues 

Curricula should be organized in such a way as to encourage students to develop an 

understanding of what numbers are and provide them with the ability to perform mathematical 

operations numbers in an efficient, effective manner. A variety of current math curricula 

showcase various traditional and non-traditional methods students may use to figure or calculate 

math problems, but has the curricula embedded cultural methods of mathematic computation and 

problem solving as well?  After decades of teaching, I would have to say no.   

The National Mathematics Advisory Panel (2008) stated that, “Students should understand key 

concepts, achieve automaticity as appropriate (e.g. with addition and related subtraction facts), 

develop flexible, accurate, and automatic execution of the standard algorithms, and use these 

competencies to solve problems.” (p.xvii). As teachers, we can encourage students’ development 

of flexibility in executing algorithms and solving problems by modeling alternative mathematic 
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methods. These alternative methods or techniques can be derived from studying a wide range of 

thinking about and solving math problems. After teaching this lesson, I personally want to 

develop my own awareness about how to solve unfamiliar societal problems. This kind of 

thinking moves me laterally from the required curriculum to a more expanded curriculum. For 

this to occur, I will take the initiative to learn about mathematical ideas as they are used in other 

cultures, which will help me pose meaningful problems that encourage a wide range of solution 

strategies.  

Resistance to unfamiliar content 

The students’ dismissive reaction was parallel to the reaction students portray each year when we 

discuss the metric system of measurement. While teaching measurement, I would often hear 

students’ resonating complaints that the customary way of measuring is the only form of 

measurement they needed to understand. Even though I would explain and demonstrate the 

relevance and importance of various systems of measurement, students’ buy-in was limited, just 

as it was while teaching the moon phase lesson. Knowing that the vast majority of the world has 

adopted the metric system, and that we live in a global society, it is obvious that the metric 

system should be embraced, rather than debated, in the classroom. This point only reinforces the 

idea that diverse methods of computation and problem solving should be common place in our 

teaching, rather than a novel idea or suggestion.    

Tracie’s summary 

The lesson: Using Moon Phases to Measure Time, taught me much more than it did the students. 

Their initial reactions to using a non-traditional method to measure time made me rethink, not 

necessarily what I taught, but how I taught.  Maybe how I approach teaching math derives from 

how I was taught math in grades K-12, as well as during my undergraduate and graduate studies, 
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which were all taught in a traditional manner. Traditions can be comfortable, but comfort does 

not necessarily grow one’s thinking. I believe that encouraging and modeling unfamiliar 

mathematical problem solving methods and ideas gives students the opportunity to develop 

deeper understanding and a higher level of mastery concerning the wide range of content.  

As I reflected on this experience, I consulted many resources. None touched me more than Dr. 

Linda Furuto’s comments in an article by Cheryl Ernst (2010). When Furuto said, “I firmly 

believe that there exists a powerful light that burns within each and every one of us. We have 

unique and special heritages, languages, cultures, and traditions. Ethnomathematics allows us to 

tap into these treasures and find a connection between wisdom grounded in the past and hope for 

a bright and beautiful future.” After studying this comment, I could finally organize my thoughts 

about this experience. She helped me see that it is important for us, as teachers, to seek out and 

teach about alternative methods for our students to become successful mathematical problem 

solvers. If diversity was included or woven throughout a substantial number of classroom 

lessons, maybe my students’ reactions concerning using the moon to measure time would not 

have been so dismissive.   
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Janet (university professor): 

The opportunity to teach a group of 6th graders about this information was both overwhelming 

and exciting. I culled relevant information in ways to meaningfully complement Tracie’s 

instructional style and to address her existing curricular requirements. To put together the 

sequenced lessons required ongoing reciprocal communication as well as rather lengthy 

discussions that introduced Tracie to the information related to the Hopi’s use of the moons in 

their society and that introduced me to her curricular requirements. 

In an effort to ensure connections to all required curricular areas, we decided to pace through all 

appropriate background information, before we presented the culminating problem. As part of 

the problem, it was essential for students to understand the importance of the lunar cycle to the 

Hopi. All of the preceding topics would play a role in understanding the mathematics and in 

understanding the cultural importance of the moons. And, in the end, students would have to 

strike a balance between the fact that the lunar cycle ultimately fails as a standard unit, but was, 

nonetheless, brilliantly used by the Hopi.  

Instruction 

The lessons proceeded well until students attempted to directly match the lunar cycles and moon 

phases to the months on the currently-accepted calendar. We anticipated students would use the 

calendar as a means to visually count off sets of 29.5 days (lunar cycles.) We did not anticipate 

the implicit issues this task would evoke. Because students matched moons to months, rather 

than to sets of 29.5 days, they did not slip out of typically Western (linear) thinking and into a 

circular, overlapping, way of thinking. Students seemed to be less bothered by the half day of the 

lunar cycle, something that we anticipated would be a problem, than by the fact that most months 

are longer than 29.5 days. In the long run, our students managed the information solely within 



Journal of Mathematics and Culture 
December 2016 10(3) 
ISSN-155805336 

143 

the confines of their own ways of knowing about calendars, which we should have expected. But 

we did not anticipate the extent to which the students would grapple with the way moons did not 

reset each solar year. In retrospect, we believe this struggle resulted from students’ resistance to 

deviate from linear thought. They did not visualize time as circling around to itself and the circle 

beginning with a different phase in the lunar cycle. 

To further study this phenomenon, I presented a similar lesson to my fourth-year college students 

majoring in mathematics. Among those students, I found similar conceptions of time. So, it is not 

an issue of strong enough mathematics knowledge, rather it is an issue of finding a hook to pull 

the students out of the traditions of thought that have them bound to a linear conception of time. 

In my own studies, to represent this unfamiliar view of time passage, and to better understand 

when to insert a thirteenth moon into the calendar, I created a circular moon ruler. (See figure 1). 

Figure 1 – Circular Moon Ruler 
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When I shared this ruler with the students, many were confused by it. Whereas I saw it as 

perfectly illuminating the unfamiliar pieces of the problem, students (6th graders and 16th graders 

alike) did not readily comprehend its meaning or relevance. What I learned is that despite the 

clarity this model provided for my reflection, it was presented to the students before they were 

genuinely aware of the circular conception of time. They remained determined to map the lunar 

cycles onto the traditional human-invention of the 12-month calendar, rather than understand 

how lunar cycles occur during the naturally-occurring solar year.  

The Hopi Sky-Watchers successfully measured an Earth year with a lunar cycle (together with 

the solar year), because of their circular conception of time. A solid classroom experience should 

have negotiated the lesson toward the Hopi truth that time is a circle and the lesson content 

should have addressed this in a straightforward manner. Then, perhaps, the circular moon ruler 

would have been more meaningful. Instead, we spent an overwhelming amount of time focused 

on the moon names and the arithmetic calculations comparing sets of 29.5 days of the lunar cycle 

to the 365.25 days in an Earth year. In retrospect, we should have spoken directly to the fact that 

to the Hopi, time may be thought of as a turning wheel.  

Curricular issues 

I was pleased that the collection of lessons was able to address a long list from Tracie’s required 

curriculum. Solving a problem deeply related to a culturally-important event, required 

mathematical expertise, as well as information from other disciplines. That we were able to relate 

this lesson to a wide range of topics, provides further motivation for me to continue to study 

ethnomathematics. I remain firm in the belief that there is a secure place for such problem 

posing, where solutions incorporate a vast array of content from across the curriculum.  
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Resistance to unfamiliar content 

Despite our pointed questions, “Are all months the same length?” (No) “Then how can a month 

be a candidate for a standard unit?” (Silence), I remain unconvinced that the students truly dealt 

with the intended focus of a standard unit. They seemed inclined and comfortable with the idea 

that a “month” is what currently works, so it must be an acceptable way to measure an Earth 

year, rather than as a social and cultural construct whose sole purpose is to chunk the year into 

smaller (unequal-sized) units.   

Janet’s summary 

Like Tracie, I learned more than the students. Often, it is our own resistance to abandoning a 

particular way of conceptualizing an idea that competes with understanding mathematical ideas 

from another point of view. Ten years ago, after reading Thirteen Moons on Turtle’s Back 

(Bruchac, 1997) to a 4th grade class, one child asked, “Why are there 13 moons?”  This question, 

which I thought I might answer in a timely fashion, actually served as a catalyst for several years 

of research. It took approximately 10 years for me to form a knowledge base that might have 

enabled me to answer her question.  

Condensing the information I had learned into a one-day lesson sequence appropriate for 6th 

graders required that I isolate the multi-disciplinary background knowledge students needed. The 

next time I teach this lesson, I will include pointed discussions about a circular conception of 

time. I remain committed to studying mathematical concepts and ideas through a variety of 

lenses, precisely because it broadens my mathematical understanding, as well as strengthens my 

teaching.  
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Collaborative Summary 

To consistently, rather than occasionally, acknowledge, promote and celebrate culturally-relevant 

mathematics teaching and learning, great care must be taken to (1) delineate the cognitively-

accessible pieces of the ethnomathematics story (2) work carefully to respect the classroom 

teacher’s tight schedule & already-packed curriculum and (3) identify unfamiliar frames of 

reference that may interfere with the mathematics of the lesson. For this lesson, it was critical for 

the professor and the teacher to collaboratively study about the Hopi calendar prior to working 

with the students. In the classroom, it was equally important to move slowly through the content 

so that students had time to absorb the information since they were being asked to make 

connections outside of mathematics, as well as within mathematics. Many student comments 

indicated that at least some of our goals had been met. Student comments like, “12 or 13 cycles 

is not a good representation for a year because it unbalances when people plant crops or have 

celebrations. It would off-balance the way of life, … Just the difference between 13 full moon 

cycles (383 days) and the normal 365 days alters each year” give us the incentive to continue to 

teach mathematics lessons like this. In addition, in lessons like this, many collateral objectives 

were met because a problem was presented within a larger story, which included science and 

literature, as well as mathematics and history.  

 

Endnote: 
And, we will remember that understanding the Hopi conception of time will forever elude 

us, as neither of us are Hopi. Our knowledge has been primarily gleaned from secondary 
sources. The authors continue to ask for their patience and grace in our efforts to understand 
time from their point of view, given our inescapable Western viewpoint as we endeavor to put 
our own backgrounds on hold. We know that we can never fully experience time passage as they 
do, and that probably makes it difficult for us to teach this lesson well. However, it does not 
diminish our desire to understand and share as much as we can. 
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